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Abstract 
Ultrafine molybdenum sulfide (MoS2) nanocrystals are grown on a porous cobalt (Co) foam current 
collector by atomic layer deposition (ALD) using molybdenum hexacarbonyl and hydrogen sulfide as 
precursors. When used to catalyze the oxygen evolution reaction (OER), the optimal Co@MoS2 
electrode, even with a MoS2 loading as small as 0.06 mg cm
-2
, exhibits a large cathodic shift of ca. 200 
mV in the onset potential (the potential at which the current density is 5 mA cm
-2
), a low overpotential of 
only 270 mV to attain an anodic current density of 10 mA cm
-2
, much smaller charge transfer resistance 
and substantially improved long-term stability at both low and high current densities, with respect to the 
bare Co foam electrode, showing substantial promise for use as an efficient, low-cost and durable anode 
in water electrolyzers. 
 
The ever-growing energy demand and the increasing concern about environmental pollution impel 
researchers to explore highly efficient and affordable catalysts for clean and sustainable energy 
generation, especially for electrocatalytic water splitting into hydrogen (H2) and oxygen (O2), which 
represents a promising solution to providing renewable H2 fuels.
1
 Compared to the H2 evolution reaction 
(HER), the O2 evolution reaction (OER) is more thermodynamically and kinetically demanding and has 
been regarded as the bottleneck of electrochemical water splitting. Without a catalyst, OER will occur at a 
high overpotential leading to significant losses in the energy efficiency of electrolysis. Noble metal oxides 
such as iridium and ruthenium oxides (IrO2 and RuO2) have been demonstrated to be the state-of-the-art 
electrocatalysts for OER.
2,3
 However, the scarcity and high cost of noble metals limit their large-scale 
employment in practical water splitting devices. Therefore, considerable effort has recently been made in 
the search for highly active, durable, non-precious OER catalysts comprising earth-abundant elements,
4,5
 












Molybdenum sulfides with different stoichiometries and polymorphs have been intensively investigated 
in the past decade as alternative catalysts to noble metals.
21–26
 However, virtually all these studies were 
focused on the catalysis for HER, and the possibility of utilizing molybdenum sulfides as OER catalysts 
has not been explored until very recently.
27–30. 
In early 2016, Wu et al. reported that chemically exfoliated 
1T-MoS2 shows excellent electrocatalytic performance for OER an acidic medium, with a relatively small 
overpotential (η) to attain an anodic current density of 10 mA cm-2.27 Zhu and coworkers also 
demonstrated that MoS2 nanoplates perpendicularly grown on carbon nanofibers (CNFs) are active 
towards the OER, but their activity is markedly lower than that of the Co9S8@MoS2 core–shell 
nanostructures they synthesized.
28
 Lately, Zhang et al. also observed significantly enhanced catalytic 
activity for OER delivered by MoS2/Ni3S2 heterostructures with abundant interfaces. According to their 
density functional theory (DFT) calculations, they concluded that the MoS2/Ni3S2 interfaces 
synergistically favor the chemisorption of oxygen-containing intermediates, thus promoting the OER.
29
 
Although in these previous studies researchers have demonstrated that hybrid structures consisting of 
MoS2 interfaced with Co or Ni sulfide have excellent activity towards the OER, they also pointed out that 
pure MoS2 is an inefficient OER catalyst.
28,29
 
Herein, we report the atomic layer deposition (ALD) of ultrafine MoS2 nanocrystals (NCs) over a porous 
cobalt (Co) foam current collector and their outstanding electrocatalytic performance towards the OER. 
ALD is a very powerful technique enabling conformal deposition of thin films/NPs on nonplanar high 
aspect ratio substrates.
31
 Unlike transition metal oxides, reports on the ALD of molybdenum sulfides are 
very limited because of the lack of suitable chemistry for ALD.
32–35
 
Previously, molybdenum chloride (MoCl5) and hydrogen sulfide (H2S)
32
 as well as molybdenum 
hexacarbonyl (Mo(CO)6) and dimethyl disulfide (DMDS)
33–35
 have been employed as Mo and S 
precursors, respectively. In this work, we use Mo(CO)6 and H2S as precursors to directly deposit ultrafine 
MoS2 NCs on Co foam (Co@MoS2), and for the first time investigate the OER performance of ALD-
derived MoS2. The Co@MoS2 subjected to 500 ALD cycles (with a MoS2 loading mass of 0.06 mg cm
-2
) 
exhibits outstanding OER activity requiring an overpotential of only 270 mV to deliver a current density 
of 10 mA cm
-2
, being one of the best-performing sulfide-based OER electrocatalysts and favorably 
comparable to the state-of-the-art noble metal electrocatalysts reported in the literature. Furthermore, the 
Co@MoS2 electrode can operate at 20 mA cm
-2
 for 50 hours and at 100 mA cm
-2
 for an additional 50 
hours without noticeable degradation, showing excellent long-term stability. 
 
 
Fig. 1 SEM images of (a, b) a bare Co foam, (c) Co@MoS2-500, and (d) Co@MoS2-1000. (e) Digital photographs and (f) XRD 
patterns of the bare Co foam, Co@MoS2-500 and Co@MoS2-1000 electrodes. 
 
Fig. 1a shows a scanning electron microscopy (SEM) image of a bare Co foam, where the macroporous 
feature can be clearly seen. A close inspection reveals that the Co ligaments have a relatively smooth 
surface (Fig. 1b). X-ray diffraction (XRD) examination confirms that the Co foam consists of two 
crystalline phases, namely, face-centered-cubic Co (fcc Co, JCPDS no. 15-0806) and hexagonal-close-
packed Co (hcp Co, JCPDS no. 05-0727), as evidenced by the characteristic diffraction peaks located at 
44.2°, 47.3°, 51.5°, and 75.8°, respectively (Fig. 1f). After the ALD of MoS2, the surface of the Co foam 
was found to be uniformly covered with many small nanoparticles (NPs) (Fig. 1c, d, S1 and S2, ESI†), 
and energy-dispersive X-ray spectroscopy (EDX) measurements confirmed the existence of Mo and S 
elements on the Co foam surface (Fig. S3 and S4, ESI†). The NP size increases with the increasing ALD 
cycle number. Typically, the NPs are 10–20 nm in size when 500 cycles of ALD are performed (denoted 
as Co@MoS2-500, Fig. 1c); while when the ALD cycle number is increased to 1000 (denoted as 
Co@MoS2-1000), the NP size markedly goes up to 30–40 nm (Fig. 1d). In terms of appearance, the 
original light grey Co foam becomes dark after the ALD of MoS2 (Fig. 1e). A similar change was also 
observed on the glass slide that was placed together with the Co foam substrate in the ALD reactor (Fig. 
S5, ESI†), indicating the successful deposition of MoS2. However, the XRD examination of Co@MoS2 
electrodes doesn’t show any visible diffraction peaks other than those arising from metallic Co (Fig. 1f), 
suggesting that either the crystallite size of ALD-derived MoS2 is too small or the amount of the 
deposited MoS2 is too low to be detected by XRD. 
To gain further insight into the microstructure and composition of MoS2 NCs, a transmission electron 
microscopy (TEM) examination was carried out. Fig. 2a shows a representative TEM image, where lots 
of ultrafine NPs with a diameter of ca. 5 nm can be unambiguously resolved. It is worth noting that the 
dimension of these NPs is smaller than the apparent size of NPs that we observed using SEM (Fig. 1c and 
S1, ESI†), implying that MoS2 was grown on the Co foam surface in the form of aggregates of 
nanocrystallites, which then split into ultrafine NCs upon ultrasonication treatment prior to the TEM 
examination. High-resolution TEM (HRTEM) analysis clearly illustrates the lattice structure of MoS22 
NCs (Fig. 2b), and the measured interplanar spacing is about 0.269 nm, corresponding to the distance of 
(100) crystal planes of hexagonal MoS2 (2H- MoS2). Fast Fourier-transformation electron diffraction 
(FFT-ED) analysis (Fig. 2b, inset) over a big NC reveals a well-defined spotted pattern that can be 
assigned to the diffractions along the [001] zone axis of hexagonal MoS2 (JCPDS no.37-1492), indicating 
that this NC is single-crystalline. Extensive EDX analyses over either a single NC or NC agglomerates 
show that the NCs consist primarily of Mo and S (Fig. 2c). The Cu and C peaks originate from the TEM 
grid used, and the O signal may arise from the absorbed oxygen or the remnant of the Mo(CO)6 precursor. 
Furthermore, elemental mapping was performed in the high-angle annular dark-field scanning 
transmission electron microscopy (HAADF-STEM) mode. The ultrafine NCs and their aggregates can be 
seen more clearly in the HAADF-STEM image (Fig. 2d), and Mo and S elements are found to be 
distributed over the NCs evenly (Fig. 2d–f). 
 
Fig. 2 TEM characterization of ALD-derived MoS2 NCs. (a) Lowmagnification and (b) high-resolution TEM (HRTEM) images. 
MoS2 NCs are indicated by the blue dotted lines. The inset of (b) is the Fouriertransformation ED pattern over the large blue dotted 
line enclosed area. (c) EDX spectrum. (d–f) HAADF-STEM and elemental maps of Mo (Kα:17.44 keV) and S (Kα:2.31 keV). Scale 
bars: 100 nm. 
The surface chemical state of Co@ MoS2-500 was further investigated by X-ray photoelectron 
spectroscopy (XPS). Fig. 3 shows the high-resolution XPS spectra of Mo 3d and S 2p. In the Mo 3d 
spectrum, two peaks located at the binding energy (BE) values of 229.7 and 232.3 eV can be assigned to 
the Mo 3d5/2 and Mo 3d3/2 core levels, respectively; while the peak at 226.5 eV is associated with the S 2s 





states occur due to Mo–S charge transfer.36 Another peak located at 235.4 eV is also ascribed to Mo 3d3/2, 
indicative of an oxidation state of +6. This is likely caused by the oxidation of MoS2 upon exposure to the 
air. Fig. 3b presents the core-level spectrum of the S 2p region with two main peaks and one shake-up 
satellite, in which the peaks at BE values of 161.9 and 163.1 eV correspond to S 2p3/2 and S 2p1/2, 
respectively. The single doublet with the 2p3/2 peak located at 161.9 eV indicates an oxidation state of -2 
for sulfur. Furthermore, Raman spectroscopy measurement was also carried out on Co@ MoS2-1000, and 
two distinct peaks at 380 cm
-1
 and 407 cm
-1
 were observed, which can be assigned to the E12g and A1g 
vibrational modes of MoS2,
37
 respectively (Fig. S6, ESI†). The Raman result in combination with the 
XPS and TEM characterization unambiguously illustrates that the ALD-derived NCs are hexagonal 
MoS2. 
 
Fig. 3 Mo 3d (a) and S 2p (b) XPS spectra of the Co@MoS2-500. 
The electrocatalytic performance of Co@ MoS2 electrodes towards the OER was evaluated in O2-
saturated 1.0 M KOH solution using linear scan voltammetry (LSV). Fig. 4a shows the LSV curves of 
Co@ MoS2-500 and Co@ MoS2-1000. For comparison, the OER activity of a bare Co foam was also 
measured. As shown in Fig. 3a, the bare Co foam only shows a very small anodic current up to 1.63 V vs. 
RHE. Upon loading with MoS2 NPs, the OER onset potential (the potential at which the anodic current 
density is 5 mA cm
-2
) is substantially shifted cathodically by ca. 200 mV and 120 mV for Co@ MoS2-500 
and Co@ MoS2-1000, respectively. The Co@ MoS2-500 electrode only needs overpotentials of 270 mV 
(η10) and 300 mV (η20), respectively, to attain current densities of 10 and 20 mA cm-2, which are 
superior to those of many other sulfide-based OER electrocatalysts such as hollow Co3S4 nanosheets 
(ηonset = 363 mV),38 ultrathin Co3S4 nanosheets (ηonset = 355 mV) and bulk Co3S4 (ηonset = 590 mV),
39
 
Co9S8/CNFs (η10 = 512 mV), Co9S8@ MoS2/CNFs (η10 = 430 mV) and MoS2/CNFs (ηonset = 432 mV),
28
 
Co9S8/N-doped carbon (η10 = 320 mV),
40
 Ni3S2/N-doped carbon (η10 = 390 mV),
40
 and Co3O4 
nanosheet/ex-MoS2(η10 =350 mV),
41
 as well as the state-of-the-art RuO2 (η10 = 380 ± 20 mV) and IrO2 
(η10 = 380 ± 10 mV) nanoparticulate catalysts recently reported in the literature
42
 (Table S1, ESI†). 
Similarly, Co@ MoS2-1000 also exhibits remarkably enhanced OER activity with respect to the bare Co 
foam, though it is slightly inferior to Co@ MoS2-500. To further confirm that the high OER activity 
indeed results from MoS2, a control experiment was carried out where an ALD sequence, the same as that 
for Co@ MoS2-500, was used but without the supply of the Mo sources (i.e., only H2S was exposed to the 
Co foam for 500 half cycles). The thus-obtained electrode (denoted as Co@H2S-500) showed OER 
activity even inferior to that of the bare Co foam (Fig. S7 and S8, ESI†). The control experiment 
explicitly shows that the ALD-derived MoS2 NCs are the effective species responsible for enhanced 
electrocatalytic activity towards the OER. To gain an additional understanding of the OER kinetics, Tafel 
analysis was performed (Fig. 4b). The Tafel slopes of Co@ MoS2-500 and Co@ MoS2-1000 are 74 and 
61 mV dec
-1
, respectively, which favorably compare to those of other sulfide-based OER catalysts (Table 
S1, ESI†). However, the Tafel slope of the Co@ MoS2 electrodes is found to be higher than that of the 
bare Co foam (41 mV dec
-1
), which presumably results from the relatively poor electrical conductivity of 
the deposited MoS2 NC films. 
Electrochemical impedance spectroscopy (EIS) was further used to investigate the charge transfer kinetics 
at the catalyst/electrolyte interface during the OER. Fig. 4c displays the Nyquist plots of the bare Co 
foam, Co@ MoS2-500 and Co@ MoS2-1000 electrodes, which can be fitted using an equivalent circuit 
model consisting of an equivalent series resistance (Rs), and two parallel combinations of a resistance and 
a constant phase element in series (Fig. 4d), corresponding to the charge transport process occurring at the 
Co/ MoS2 interface (Rsc-CPE1) and the charge transfer taking place at the MoS2/electrolyte interface (Rct-
CPE2), respectively. According to the fitting results (Table S2, ESI†), the charge transfer resistance (Rct) 
of Co@ MoS2-500 and Co@MoS2-1000 is only 0.58 and 1.95 Ω cm
-2
, respectively, significantly smaller 
than that of the bare Co foam (11.31 Ω cm-2), suggesting that ultrafine MoS2 NCs dramatically expedite 
the OER process. 
 
Fig. 4 (a) iR-Corrected polarization curves of the bare Co foam, Co@MoS2-500 and Co@MoS2-1000 electrodes recorded in 1 M 
KOH solution at a scan rate of 5 mV s
-1
. (b) Tafel plots. (c) Nyquist plots (solid lines are fitting curves). (d) Equivalent circuit 
model used for fitting. All measurements were performed at room temperature (∼25 °C). 
It is now generally accepted that the edge planes of layered MoS2 are responsible for its HER activity, 
where the free energy of H2 adsorption is theoretically close to that of Pt.
.22
 However, the catalytically 
active sites of MoS2 for the OER remain elusive for the time being. Compared to HER, OER is a more 
complicated reaction and it involves four primary steps with three adsorbed intermediates, i.e., *OH, O*, 
and *OOH, interacting in a similar way at the catalyst surface. Recent density functional theory (DFT) 
calculations have proposed that the OER activity of MoS2 may result from edge sites as well rather than 
basal plane sites.
27
 The ultrafine features of ALD-MoS2 NCs reported here would advantageously 
facilitate the exposure of edge sites, which could reasonably explain the outstanding catalytic activity 
observed for the OER. 
 
Fig. 5 (a–c) CV curves of the bare Co foam, Co@MoS2-500 and Co@MoS2-1000 electrodes measured in 1 M KOH in the non-
Faradaic region with different scan rates from 10 to 100 mV s-1. (d) Half of the difference between anodic and cathodic current 
densities (ΔJ = (Ja - Jc)/2) at 0 V vs. SCE plotted against the scan rate. The linear slope is equivalent to the double-layer capacitance 
Cdl that is proportional to the ECSA. 
The high electrochemically active surface area (ECSA) of the Co@ MoS2 electrodes was verified by 
measuring the electrochemical double-layer capacitance (Cdl), given the fact that Cdl is proportional to the 
ECSA. The Cdl was obtained through cyclic voltammetric scans in the non-faradaic potential window of -
0.05 V–0.05 V vs. SCE at different rates ranging from 10 to 100 mV s-1 (Fig. 5a–c).43 As is shown in Fig. 
5d, the Cdl values calculated for the bare Co foam, Co@ MoS2-500 and Co@ MoS2-1000 are 17.2, 36.4 
and 28.2 mF cm
-2
, respectively. The Cdl, and thereby the ECSA, of Co@ MoS2-500 is higher than that of 
Co@MoS2-1000, which likely arises from the smaller NP size of Co@ MoS2-500 (Fig. 1) and can 
reasonably explain why Co@ MoS2-500 has a higher OER activity than Co@ MoS2-1000 (Fig. 4a) even 
if the MoS2 loading on the former is smaller (Table S1, ESI†). It is also noted that the Cdl of Co@MoS2-
500 is double that of the bare Co foam. However, the high ECSA alone cannot fully account for the 
significantly enhanced anodic current of Co@ MoS2-500 relative to that of the bare Co foam at a given 
potential. For example, at η = 350 mV, Co@ MoS2-500 delivers a current density of ca. 105.6 mA cm
-2
, 
significantly higher than 0.7 mA cm
-2
 delivered by the bare Co foam at the same potential. This indicates 
that MoS2 possesses much intrinsically higher electrocatalytic activity for the OER. 
 
Fig. 6. (a) Chronopotentiometric curves of the bare Co foam, Co@MoS2-500 and Co@MoS2-1000 electrodes measured at 20 and 
100 mA cm-2. (b) Polarization curves of the electrodes recorded before and after the CP test. Scan rate: 5 mV s-1. (c) Tafel plots of 
the electrodes after the 100 h CP test. Solid lines are fitting curves. 
 
Long-term stability is an important criterion for OER catalysts in terms of their practical applications. The 
long-term stability of Co@ MoS2 electrodes was examined by chronopotentiometry (CP) at a constant 
current density of 20 mA cm
-2
 for 50 hours, followed by a continued test at an industry relevant high 
current density of 100 mA cm
-2
 for another 50 hours. As shown in the CP curves in Fig. 6a, to maintain 
20 mA cm
-2
, the Co@ MoS2-500 electrode only needs a potential of 1.54 V vs. RHE (i.e., η20 = 310 mV), 
consistent with that extracted from the LSV curve (Fig. 4a). Moreover, the potential remains constant 
during the 50 h galvanostatic electrolysis. The Co@ MoS2-1000 electrode needs a slightly higher 
potential of 1.58 V to deliver 20 mA cm
-2
 (i.e., η20 = 350 mV), but the overpotential that is needed 
virtually doesn’t increase upon continuous electrolysis, similarly to that of Co@ MoS2-500. In contrast, a 
much higher η20 is demanded for the bare Co foam electrode, and η20 also increases, though slowly, over 
time, reaching 404 mV after 50 h. At the high current of 100 mA cm
-2
, all electrodes show an 
overpotential increase after continuous electrolysis for 50 h, the amplitude of which follows the order: Co 
foam (47 mV) > Co@ MoS2-1000 (37 mV) > Co@ MoS2-500 (34 mV). Nevertheless, η100 of the Co@ 
MoS2-500 (i.e., 380 mV) is still remarkably smaller than that of the Co foam, showing better OER 
activity. After an extended stability test for 100 h, both the bare Co foam and Co@ MoS2 show a 
reduction in activity, to a certain extent. However, the LSV curve of Co@ MoS2-500 only slightly drifts 
positively, whereas the LSV curves of Co@ MoS2-1000 and the bare Co foam exhibit a large positive 
shift with respect to the initial polarization curves (Fig. 6b and S9, ESI†). Tafel analysis reveals that the 
Tafel slopes of Co@ MoS2-500 and Co@ MoS2-1000 only vary slightly, indicating a similar OER 
kinetics even after the long-term stability test, while the Tafel slope of the bare Co foam substantially 
increases from 41 to 80 mV dec
-1
, implying that the OER occurs more slowly on the Co foam after the 
long term CP test (Fig. 6c). This might arise from the generation of poorly conductive cobalt oxy-
hydroxide over the entire surface of the Co foam, as is discussed below. The long-term stability of the 
Co@H2S-500 electrode was also examined, and found to be even inferior to that of the bare Co foam 
(Fig. S8, ESI†). This again confirms that the outstanding catalytic performance of Co@ MoS2 electrodes 
should be explained by the deposited ultrafine MoS2 NCs. 
The morphology, crystal structure and composition of the electrodes after the long-term stability test for 
100 h (i.e., 50 h at 20 mA cm
-2
 followed by 50 h at 100 mA cm
-2
) were examined using SEM, XRD and 
Raman spectroscopy. As shown in Fig. 7a and b, nanosheet-like structures appear on the entire surface of 
the bare Co foam after OER. These nanosheets are well-crystallized and can be assigned to CoOOH 
according to our TEM analyses (Fig. S10, ESI†). Extensive EDX analyses indeed verified that there was a 
strong peak from O in the post-OER Co foam (Fig. 7c). However, according to our XRD examination no 
crystal phases from CoOOH were observed (Fig. S11, ESI†), implying that the amount of CoOOH was 
probably too low to be resolved by XRD. Compared to the bare Co foam, the morphology of Co@ MoS2 
virtually did not change after the 100 h CP test (Fig. 7d, e, g and h), except that some cracks were 
observed on the surface of Co@ MoS2. In particular, the cracks appearing on Co@ MoS2-1000 are more 
abundant and larger than those on Co@ MoS2-500. It is worth noting that no nanosheets were observed 
on Co@MoS2 electrodes. However, EDX analyses showed an O peak in both Co@ MoS2-500 and Co@ 
MoS2-1000 after the stability test (Fig. 7f and i), remarkably stronger than that of the as-prepared Co@ 
MoS2 electrodes (Fig. S3 and S4, ESI†), indicating that the MoS2 was oxidized. Nevertheless, signals 
from Mo and S are still visible though the peak intensity was substantially attenuated. XRD analyses 
show no diffraction peaks other than metallic Co (Fig. S11, ESI†). However, Raman spectroscopy 
measurements (Fig. S12, ESI†) demonstrate the presence of MoO3, confirming the transformation of 
MoS2 to molybdenum oxide under OER conditions in the alkaline solution. This transformation was also 
observed previously in MoS2 microspheres after repetitive anodic CV scans
30
 and it happens generally for 
all sulfide-based OER catalysts.
44,45 
 
Fig. 7. SEM images and EDX spectra of the bare Co foam (a-c), Co@MoS2-500 (d-f) and Co@MoS2-1000 electrodes (g-i) after 
continuous galvanostatic electrolysis under OER conditions for 100 h. The K peaks in (c, f, i) are originated from the residue of KOH 
electrolyte. 
According to the above SEM, XRD, and Raman spectroscopy analyses of the tested Co@ MoS2 
electrodes, it is concluded that the degradation of Co@ MoS2 in OER activity upon long term 
galvanostatic electrolysis may primarily result from the formation of insulating and catalytically inactive 
molybdenum oxides. This would happen more prominently at a high current density like 100 mA cm
-2
, as 
evidenced in the CP test (Fig. 6a). On the other hand, the activity degradation might also stem from the 
loss of the physical contact of the MoS2 NC film with the underneath Co foam after the extended OER 
test, given that the film undergoes large structural deformation during the transformation to molybdenum 
oxide, particularly at a high current density. Notwithstanding their degradation, the Co@ MoS2 electrodes 
are still more active than the bare Co foam even after the long-term CP test (Fig. 6a and S9, ESI†). We 
hypothesize that there may exist many under-coordinated Mo moieties that expedite the turnover of 
hydroxyl groups. However, further investigation will be needed to clarify the actual mechanism. 
In summary, we have deposited ultrafine MoS2 nanocrystals on the entire surface of porous Co foam 
electrodes through atomic layer deposition. The as-obtained integrated Co@ MoS2 electrode with an 
optimal MoS2 loading exhibits outstanding catalytic activity towards the oxygen evolution reaction in an 
alkaline solution, showing a significant cathodic shift of 200 mV in the onset potential with respect to that 
of the bare Co foam and requiring only a small overpotential of 270 mV to deliver a current density of 10 
mA cm
-2
, favourably comparing to that of many sulfide OER catalysts as well as some state-of-the-art 
noble metal catalysts reported in the literature. Significantly, Co@ MoS2 electrodes show excellent long-
term stability at both a low current density relevant to solar water splitting and a high current density 
relevant to industrial water electrolysis. Given that ALD is a versatile technique enabling conformal 
deposition of MoS2over high aspect-ratio nanostructures, the approach reported here holds substantial 
promise for use not only in electrochemical water splitting but also in coupling MoS2 electrocatalysts with 
nanostructured semiconductor photoelectrodes for solar water splitting. 
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